Abstract. Candida krusei (C. krusei) pneumonia is a rare infection that is frequently associated with a poor outcome. The present study reports an unusual case of C. krusei pneumonia that was initially suspected to be a Middle East respiratory syndrome (MERS) case. A 64-year-old Saudi Arabian male patient was admitted to our hospital with complaints of cough and dyspnea that persisted for 6 days. The patient presented fever (oral temperature, 38.5˚C) and slight tachypnea (25 respirations/min). A chest computerized tomography demonstrated unclear lung fields, diffuse pathological changes in the two lungs and multiple lymphadenectasis in the retrocaval and para-aortic arch area. The patient received 95-98% oxygen (6 l/min) for 24 h, as well as sulbactam sodium/cefoperazone sodium (1:1) injection (3.0 g) every 12 h, oral oseltamivir capsules (75 mg/time) twice a day, medaron injection (80 mg/time) and 750 ml fluid infusion; however, he succumbed to the disease on day 2 after admission. The infection was diagnosed by sputum smear and culture subsequent to patient mortality. A sputum smear showed a large fungal infection and sputum culture revealed the presence of C. krusei infection. Serum procalcitonin concentrations were 4.73 µg/l and 7.23 µg/l on days 2 and 3 after admission, respectively. In conclusion, the diagnosis of Candida pneumonia should be strongly considered in the presence of growth of Candida from a sputum culture and based on a suggestive computed tomography image. Tumescent diaphragmatic lymph nodes may also be an important symptom of Candida pneumonia. Treatment should be initiated immediately to improve tissue oxygenation, restore cardiovascular function and improve other organ functions.
Introduction
Pneumonia due to Candida infection is rare and frequently associated with a fatal outcome, with a mortality rate up to 70% (1) (2) (3) . It occurs predominantly in immunocompromised patients, or patients receiving broad-spectrum antibiotic therapy (4). Haron et al (5) revealed an incidence of 0.4% among 7,725 patients (1), which is similar to Masur's observations several years before (0.23%). Candida pneumonia was first described by Nils Rosén von Rosenstein in 1984 (6) , and later reported by Castellani in 1927 (7) . However, only a limited number of cases have since been reported in the English literature (8) . In search of the PubMed database (http://www.ncbi.nlm.nih.gov/pubmed accessed 14 May, 2009), 91 cases of Candida pneumonia confirmed by histopathology (1) (2) (3) (8) (9) (10) were identified. In particular, Candida krusei (C. krusei) infection is less frequently encountered in clinical mycology compared with other species of Candida pathogens, with the first case of C. krusei infection reported in 2002 (3, 11) .
The diagnosis of Candida pneumonia is one of the most challenging of all Candida infections to diagnose (12) , not only because of its rare occurrence, but also its non-specific clinical manifestation, with fever and tachypnea being the most common symptoms and cough, expectoration of purulent secretions, hemoptysis, and chest pain only present occasionally (13) . Making a convincing diagnosis of Candida pneumonia is only truly possible on the basis of a histopathological examination of samples (14, 15) . MERS, a viral respiratory infection caused by the novel MERS-CoV pathogen, also had common symptoms with Candida pneumonia, including fever, cough and shortness of breath (16) .
The present study reported a case of C. krusei pneumonia in a 64-year-old male patient, who was initially suspected with Middle East respiratory syndrome (MERS).
Case report
A 64-year-old Saudi Arabian male patient was admitted to Tiantai County People's Hospital (Taizhou, China) in December 2014 with complaints of cough and dyspnea that had persisted for 6 days. Written informed consent was obtained from the patient. The patient initially presented abrupt onset of paroxysmal cough without evident inducements, accompanied by chest tightness, tachypnea and slight fever; however, no expectoration, chest pain, hemoptysis or oliguresis were reported, and the patient did not receive regular therapy. Within the 6 days after the onset of symptoms, cough and chest tightness became progressively worse, and the edema of both lower limbs appeared. The patient's medical history indicated that the patient suffered from diabetes within the past 20 years, which was treated with insulin, coronary heart disease performed 10 years before presentation to our hospital and chronic diabetic kidney insufficiency over the last 4 years. In addition, the patient reported that chest tightness and tachypnea had occurred soon after walking for ~100 steps within the past 10 years. Family history was unremarkable.
On admission, the patient was found to have fever (oral temperature of 38.5˚C; normal 36.3-37.3˚C) and slight tachypnea (25 respirations/min; normal 12-20 respirations/min), with a heart rate (HR) of 60 beats/min (normal 60-100 beats/min), a pulse of 60/min (normal 60-100/min) and blood pressure (BP) of 180/90 mmHg (normal 90/60 mmHg-120/80 mmHg). The patient had an oxygen saturation of 90% (normal 98-100%) on air and presented cyanosis in the lips. Cardiovascular examinations Laboratory examinations revealed an irregular heart rhythm, however, no evident pathological murmur was observed at the auscultatory valve areas and no distension of the jugular vein was observed at a semireclining position. Crude breath sounds of bilateral lung were heard on chest auscultation, without marked dry and moist rales. Other physical examinations included the abdominal bulge in the absence of tenderness and rebound, unsatisfactory palpation of liver and spleen, borborygmus at a rate of 4/min with negative shifting dullness, as well as mild edema of the lower limbs. Neurogenic examination showed no abnormalities. The admitting diagnosis was severe pneumonia due to suspected MERS, respiratory and heart failure, acid base imbalance and electrolyte disturbances, diabetes, chronic kidney insufficiency and hypertension.
Laboratory examinations by a Sysmex XE-2100 hematology analyzer (Sysmex Corporation, Kobe, Japan) revealed the following levels: Hemoglobin, 96 g/l (depressed; normal, 130-175 g/l); white blood cells, 10.2x10 9 /l [(77.6% neutrophils, 13.7% lymphocytes and 8.7% monocytes); elevated; normal, 3.5-9.5 x 10 9 /l (40.0-75.0% neutrophils)]; and C-reactive protein, >200 mg/dl (elevated; normal, 0-80 mg/dl). In addition, blood gas examination by an SC-501 automated blood gas analyzer (Radiometer, Copenhagen, Denmark) demonstrated the following results: pH 7.42 (normal 7.35-7.45); partial pressure of oxygen, 65.8 mmHg (depressed; normal 80-100 mmHg); partial pressure of carbon dioxide, 30.8 mmHg (depressed; normal 35-45 mmHg); BE, 4 mmol/l (elevated; normal -3-+3 mmol/l); bicarbonate level, 19.8 mmol/l (depressed normal 22-27 mmol/l); and lactic acid level, 2.10 mmol/l (elevated; normal 0.44-1.78 mmol/l). Furthermore, biochemical analyses by a fully automatic biochemical analyzer (Architect c16000; Abbott Diagnostics, Lake Forest, IL, USA) showed the following results: Aspartate aminotransferase, 85 U/l (elevated; normal 9-50 U/l); lactate dehydrogenase, 369 U/l (elevated; normal 0-200 U/l); blood potassium, 5.01 mmol/l (normal, 3.50-5.50 mmol/l); blood sodium, 128 mmol/l (depressed; normal 137-147 mmol/l); blood glucose, 16.89 mmol/l (elevated; normal 3.60-6.10 mmol/l); creatinine, 224 µmol/l (elevated; normal 15-110 µmol/l); blood urea nitrogen, 20.62 mmol/l (elevated normal 1.10-8.30 mmol/l). Besides, troponin was assessed as weakly positive (normal negative) by a troponin analyzer (Zhe Jiang Ikon Biotechnology Co., Ltd, Zhejiang, China), and the brain natriuretic peptide was detected 4,567 pg/ml (elevated; normal 0.00-125 pg/ml) by a Cobas 6000 biochemistry analyzer (Roche, Berlin, Germany).
Computerized tomography (CT) of the chest at lung-window setting demonstrated unclear lung fields associated with diffuse pathological changes in the two lungs and signs of severe pulmonary infection (Fig. 1A) . In addition, pleural effusion and multiple lymphadenectasis in retrocaval and para-aortic arch area were observed at mediastinal-window setting (Fig. 1B) . Blood samples were obtained for the detection of procalcitonin (PCT), and syphilis or human immunodeficiency virus (HIV) infection. Blood, sputum and pharynx swab samples were also collected and sent to the Provincial Center for Disease 
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Control (Hangzhou, Zhejiang, China) in order to detect viruses or bacteria. Antibodies to syphilis and HIV in the blood were found to be negative at day 2 after admission. In addition, the serum PCT concentration of the patient was 4.73 µg/l at day 2 after admission and 7.23 µg/l (normal <0.06 µg/l) at day 3 after admission. All repeat blood culture sets did not yield any growth. Diagnosis of numerous viruses by nucleic acid detection was also negative at 2 days after admission, including absence of infection with MERS-coronavirus (MERS-CoV), flu viruses of type A and B (including the H1N1 and H7N9 subtypes of inf luenza A), Mycoplasma pneumoniae, Chlamydia pneumoniae, respiratory adenovirus, respiratory syncytial viruses and various parainfluenza viruses (types I, II and III). In addition, galactomannan (GM) detection in the blood was negative. A sputum smear showed a preliminary result of fungal infection, and the culture was repeated three times, indicating a positive result for C. krusei infection 4 days after admission. Therefore, the diagnosis of C. krusei pneumonia was established, but specific treatment for C. krusei was not administered due to the patient succumbing to the disease 2 days after admission. Initially, the patient was isolated and received 95-98% oxygen at atmospheric pressure at a rate of 6 l/min through a nasal catheter for 24 h after admission to the hospital. Due to the history of diabetes, a poor therapeutic effect for community infection, an auxiliary and radiological examination, the patient was administered sulbactam sodium/cefoperazone sodium (1:1) by injection (3.0 g/time, which is the total dose used for injection; Pfizer Pharmaceuticals Ltd., Liaoning, China) every 12 h for antibacterial infection treatment before the definite diagnosis. Oral administration of oseltamivir capsules (75 mg/time; Roche, Bale, Switzerland) was performed twice a day for antiviral infection treatment. Intravenous administration of medaron (Pfizer Manufacturing Belgium NV, Puurs, Belgium) at a dose of 80 mg/time was also started empirically for anti-inflammatory treatment, as well as 750 ml fluid infusion. However, no significant improvement was noted, and the condition of the patient deteriorated, with cardiac and respiratory arrest occurring one day after admission. Cardiopulmonary resuscitation was immediately performed, and the patient recovered weak respiration with an assisted respirator. The BP of the patient at this time was 70/50 mmHg, which was raised and stabilized at 110/80 mmHg after adjusting the speed of fluid infusion, monitoring central venous pressure, and minipump infusion (4-20 ml/h, adjusted according to the BP) of vasoactive agents, including noradrenaline (10 mg) and normal saline (50 ml). Furthermore, a low HR of 30-40 beats/min was recorded and thus cardiotonic therapy was administered, which consisted of adrenalin injection (10 mg) and normal saline (50 ml) at a minipump maintenance dose of 4-20 ml/h (adjusted according to the BP and HR). Furthermore, the renal function of the patient was aggravated, with the appearance of oliguria and anuresis. In spite of continuing renal replacement therapy, the patient succumbed to the infection 2 days after admission.
Discussion
C. krusei is an opportunistic pathogen of normal human microbial flora localized in the skin, mucous membranes and digestive tract, and it may cause life-threatening invasive infections (17) . Despite not being the most frequently isolated species of Candida in infected patients, C. krusei is an invasive infection with growing incidence (18) . Candida pneumonia, a rare infection associated with high mortality, should always be considered in patients presenting cough, expectoration of purulent secretions, occasional hemoptysis and invariably hypoxemia (8) .
In the present study, the patient developed paroxysmal cough, accompanied by chest tightness, tachypnea and slight fever. However, pulmonary infection due to C. krusei in the current patient was difficult to diagnose, and initially MERS was suspected. MERS is caused by the novel MERS-CoV pathogen, a viral respiratory infection first reported in the Saudi Arabian peninsula in 2012 (16) . This infection is characterized by acute respiratory infection, and develops into respiratory failure, acute respiratory distress syndrome and multiple organ failure, particularly renal failure (19) . The common symptoms of MERS also include fever, cough and shortness of breath. In addition, the majority of MERS patients present underlying comorbid medical disorders, including diabetes, hypertension, chronic cardiac disease and chronic renal disease (20) . The patient of the current study presented similar symptoms to the aforementioned MERS symptoms; however, MERS was excluded by negative detection of the virus through the nucleic acid detection method.
Histopathological examination of tissue specimens obtained by invasive procedures is considered as the gold standard for diagnosis of Candida pneumonia (21) . Considering the difficulty in performing biopsy, repeat blood and sputum cultures are typically conducted (4), and the patient and his family disallowed for invasive operation because of their belief. Isolation of C. krusei from the sputum is almost always considered to represent colonization of the respiratory tract. However, this diagnostic method presents great hysteresis. Currently, PCT and GM tests are used as auxiliary examination methods for the diagnosis of fungal infection (22, 23) . Serum PCT levels are 0.1 µg/l in healthy individuals, and increased secretion is observed under bacterial infection (24, 25) . In the present case, the repeatedly high PCT concentrations supported a diagnosis of C. krusei infection, although a false-negative result was obtained in the GM test, which was not considered to be inaccurate since it was not conducted successionally and repeatedly.
Candida invasive infection usually affects immunocompromised patients or those receiving broad-spectrum antibiotic therapy. As reported in previous studies, solid organ transplant (3, 26) , hematological malignancies (27) , esophageal perforation (28) and diabetes (29) appear to facilitate C. krusei pneumonia and empyema (11) . Similarly, the patient of the current study presented a long-term medical history of diabetes, coronary heart disease and chronic diabetic kidney insufficiency, but did not receive administration of hormone therapy and antibiotics. The pathogenetic condition progressed severely and fast, which is inconsistent with common fungal pneumonia, and thus resulted in misdiagnosis.
In conclusion, the present case provides several learning points on Candida pneumonia. The diagnosis of Candida pneumonia should be strongly considered in the presence of growth of Candida pathogens from a sputum culture and a suggestive CT image. In addition, tumescent diaphragmatic lymph nodes may be an important symptom of Candida pneumonia. Finally, treatment should be initiated immediately in order to improve tissue oxygenation, restore cardiovascular function and improve other organ functions. This study, to a certain extent, would provide guidance or some experiences to the physician in diagnosing Candida pneumonia in the clinic.
